The variations of daily renewable energy resources (RESs) such as solar and wind follow certain patterns, as well as daily load. This paper uses clustering techniques to cluster hourly load, wind speed and solar radiation by the day, and then some typical scenarios are obtained together with their probabilities of occurrence. These scenarios are applied to energy storage system (ESS) design in stand-alone microgrids, comprising diesel generators, wind power generating system and solar power generating system. The ESS minimizing the total cost over the whole project lifetime is suggested. Finally, a simple stand-alone microgrid is introduced to verify the efficiency of the proposed methods.
Introduction
Compared with diesel-only power systems already existing in remote areas and islands, stand-alone microgrids [1] , including distributed generations, loads and energy storage system (ESS), have the potential to reduce the pollution emissions and economically supply energy to the loads. Here, we focus on designing the ESS considered to store the excess RESs and supply all or part of the loads in stand-alone microgrids. There has been many significant works on this problem based on historical hourly RESs and load [2] , [3] . The Markov models for load and RESs are considered to determine the optimal sizes of hybrid wind/photovoltaic/diesel units in a stand-alone power system in [4] . Chad Abbey et al. used representative data of daily load and wind power profiles to consider the problem of sizing of the ESS [5] . By the method, the daily patterns of the RESs and load can be taken into account as well as their correlation and randomness. This paper deals with energy storage system design in terms of diverse scenarios generated by means of clustering techniques.
Methodology

Scenario generation
The wind [6] follows certain daily patterns as well as the solar radiation and the load. In this paper, we use clustering techniques to capture their daily patterns. The k-mediods algorithm [7] is selected, which is a classical partitioning algorithm. The data objects to be clustered are selected from historical hourly wind, solar radiation and load resources in typical years, each object representing a combination of average hourly values of the wind speed, the solar radiation and the load on the same day, as shown in (1) (1) where Ob i stands for the data object i; w, s and l are the wind speed, the solar radiation and the load on day i of the chosen year, respectively.
Considering one year of historical data, 365 objects are obtained. Since the units of these quantities are different, there is a need to perform a linear transformation on the original data using min-max normalization [8] , i.e., the wind speed, solar radiation and load should be normalized respectively before they are used in (1) . Then, these objects can be clustered by the aforementioned algorithm. The number of the clusters can be estimated by some techniques [9] or by rule of thumb and the latter is adopted.
After the clustering analysis finishes, potential scenarios faced by the microgrid are obtained. The occurrence probability of each cluster, representing a scenario, is the ratio between the number of objects contained in each cluster and the total number of objects, i.e. 365 objects, as shown in (2), where λ k is the occurrence probability of cluster k, Card(C k ) is the number of objects contained in cluster k..
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In each scenario, power outputs of wind power generation system (WPGS) can be estimated by means of a mathematical relationship between power output and wind [3] . Like the WPGS, we use similar methods to calculate the power outputs of solar power generation system (SPGS) [3] .
Energy storage system design
In stand-alone microgrids consisting of diesel generators (DGs), WPGS and SPGS, the DGs serves as the main power sources, of which at least one needs to be scheduled on all the time. After the ESS joins them, the energy storage system can be capable of smoothing short-term power fluctuations instead of the DGs, in the case that load demand is less than total available power generation of the RESs together with the ESS. To ensure reliable and economical operation of the system, the ESS should have reasonable power capacity and energy capacity in terms of the clustered scenarios. Here, we use Eq. (3) to consider the relationship between power capacity and energy capacity, referred as P R bat and E R bat , respectively.
where α is the ratio between them, of which the value depends on the ESS types. For example, lead-acid battery has a recommended value of 0.3 during its normal operation, but lithium battery may have a larger value. Here we can use sensitivity analysis method to consider the impact of α on the design result.
As the ESS works, its state of charge (SOC) can be estimated as Eq. (4). Additionally, inappropriate usage, such as over-charging or over-discharging, large charging or discharging current, may eventually cause damage to the ESS, thus the constraints given in (5)- (8) 
where SOC k,t is the SOC at hour t in scenario k; P BAT is the discharge or charge power; Δt is the time interval, and here it is 1h; η is the charge/discharge efficiency with different values in charge and discharge states; SOC min and SOC max refer to the bounds of the recommended range of the SOC; BAT,ch, , k t P and BAT,dis, , k t P correspond to the maximum charge power and the maximum discharge power, respectively.
In this paper, the ESS capacity is determined by minimizing the total cost over the whole project lifetime as shown in Eq. (9), which is solved with the genetic algorithm (GA) [10] .
where C tot is the sum of the initial investment cost of the ESS, the present values of annual fuel cost of the DGs and annual replacement cost of the ESS, referred as I, F and R, respectively. F is calculated as (10):
where NC is the number of scenarios; F k,t is the fuel consumption of the DGs, determined by the relationship between fuel consumption and power output of the DGs [3] ; and C fuel represents the diesel price.
Case Study and Discussion
A stand-alone microgrid in the eastern coastal area of China is taken as a study case, which consists of 4 500 kW diesel generators, 10 100 kW wind turbines and 1MWp PV arrays. The ESS to be designed is lithium batteries with a wide allowable range of SOC. In this paper, we assume the ESS with a range of SOC from 0.1 to 0.9 and an initial SOC chosen from 0.1 to 0.9 in intervals of 0.1 equiprobably in each scenario. We assume the ESS with 10 years lifetime, and the project with 20 years lifetime and a discount rate of 0.03. Based on the proposed methodology, some clustered scenarios are illustrated in Fig.1 , along with the optimal results for different numbers of scenarios and values of α shown in Table 1 .
As can be seen in the figure, the daily patterns of load and solar radiation are easier to capture than the wind speed in this case, representing diversity scenarios the system may confront with. In Table 1 , when the number of scenarios increases larger than 12, the energy capacity of the ESS holds the same, while the total cost decreases slightly, and in the contrast, there is an increase in the RES penetration. If NC is set to one, the results are significantly distinct from others, for only the average values of RESs and load are considered. To mitigate the impact of NC on the final results, choosing an appropriate number of clusters is essential. One way is to find the NC under which the results begin to converge and the additional scenarios no longer provide additional benefits. In this case, the number of 24 is adequate to the work.
In addition, the value of α barely affects the energy capacity of the ESS in this case. This value has little impact on the total cost and the RES penetration in the same scenarios, but a recommended value is still provided for the power capacity of the ESS. 
Conclusion
In this paper, a novel method for scenario generation for energy storage design has been introduced. With the help of clustering techniques, some daily patterns of the load, the solar radiation and the wind speed have been captured. Moreover, an optimization model for energy storage system in the clustered scenarios, with the objective of minimizing the total cost, has been illustrated. The proposed method has been applied to a representative stand-alone microgrid. The results drew that we can use some typical scenarios considering the daily patterns to configure the ESS in stand-alone microgrids, with low computational burden and acceptable solution accuracy.
